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Abstract  
The highly active Ag3PO4 photocatalysts were successfully synthesized using the hydrophylic polymer 
of PVA (polyvinyl alcohol), PEG (polyethylene glycol) and PVP (polyvinyl pyrrolidone). The products 
were characterized using X-ray diffraction (XRD), Diffuse reflection spectroscopy (DRS), Field emission 
scanning electron microscope (FE-SEM), Brunauer–Emmett–Teller (BET) specific surface area, and X-
ray photoelectron spectroscopy (XPS). Photocatalytic activities were evaluated using decomposition of 
Rhodamine B (RhB) under visible light irradiation. The results showed that the PVA, PEG, and PVP 
increased the specific surface area and enhanced the photocatalytic activity of Ag3PO4. The highest 
photocatalytic activity could be observed in Ag3PO4 synthesized with PVA, mainly due to an increase in 
electron excitation induced by PVA chemically adsorbed on the surface. Copyright © 2017 BCREC 
Group. All rights reserved 
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1. Introduction  
The wastewater treatment technology is 
very important for the future to provide an im-
proved environmental health, especially in de-
veloping countries where the industries are 
growing rapidly. The effective method for or-
ganic pollutant degradation is a key point in the 
wastewater treatment. Many researchers have 
used TiO2-based photocatalysts for organic pol-
lutant degradation due to high reactivity and 
stability [1-4]. However, TiO2 cannot use visible 
light such as sunlight due to its large band gap 
energy. TiO2 can only use UV light irradiation 
which needs high cost. Therefore, new photo-
catalyst which has small band gap energy for 
highly reactive photocatalysis is expected.  
Recently, it was reported that silver phos-
phate has high photocatalytic activity under vi-
sible light irradiation due to its lower band gap 
energy [5-8]. It is a new candidate of photocata-
lyst which can be applied for wastewater treat-
ment. The improvement of visible light respon-
sive photocatalyst activity of silver phosphate 
has been investigated by many researchers. It 
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was reported that the hydrophylic polymer 
such as polyethylene glycol and polyvinyl pyr-
rolidone were useful to control the morphology 
of the photocatalysts. The Ag3PO4 porous mi-
cro-tubes were successfully prepared by one-pot 
synthesis using polyethylene glycol 200 (PEG 
200) as the reaction medium [7]. This porous 
material exhibited a higher photocatalytic ac-
tivity for degradation of RhB. Highly uniform 
Ag3PO4 microspheres with novel 3D flower-like 
morphology were successfully fabricated 
through a facile aqueous solution route in the 
presence of polyethylene glycol [8]. This mate-
rial enhanced photocatalytic activity of methy-
lene blue (MB) degradation under visible light 
irradiation.  Ag3PO4 crystals with various mor-
phologies were successfully synthesized using a 
facile chemical precipitation method with poly-
vinyl pyrrolidone (PVP) [9]. The PVP could act 
as stabilizer for preventing the aggregation of 
the products and also could act as a shape con-
troller by selective interaction with a specific 
plane of Ag3PO4. With this method, the cubic 
Ag3PO4 particles was found and showed high 
photocatalytic activity due to the larger surface 
area and easier separation of hole-electron 
pairs.  The hydrophylic polymer of polyvinyl al-
cohol (PVA) could also be used to synthesize 
the Ag3PO4/PVA microcrystal hybrid film using 
a co-precipitation method [10]. The 
Ag3PO4/PVA hybrid showed excellent photo-
catalytic degradation of RhB under visible light 
irradiation.  
However, the reactivity comparison of 
Ag3PO4 photocatalyst, that synthesized using 
various hydrophylic polymers, has not been in-
vestigated. Therefore, the synthesis of Ag3PO4 
using hydrophylic polymer of PVA, PEG, and 
PVP and their photocatalytic activities is very 
important to obtain the highest reactive photo-
catalyst under visible light irradiation. This re-
port also presented the deep understanding of 
photocatalyst using XPS analysis. The new 
phenomenon of phosphate deficient Ag3PO4 
was clearly observed and might be a key role 
for enhancing the interaction of PVA and 
Ag3PO4 in the surface. The PVA chemically ad-
sorbed on the surface might enhance the elec-
tron excitation under photoirradiation which 
improves the photocatalytic activity.    
 
2. Materials and Methods 
2.1. Preparation and characterization of 
photocatalyst       
The Ag3PO4 photocatalysts were prepared 
using silver nitrate (Kanto Chemical Co., Inc., 
99.7%), sodium phosphate dibasic dodecahy-
drate (Sigma-Aldrich, 99%) as starting mate-
rial. The high purity hydrophylic polymer of 
po-lyvinyl alcohol#500, polyethylene glycol#600 
and polyvinyl pyrrolidone k30 were purchased 
from Kanto Chemical Co., Inc., and used as re-
ceived. Typically, 1 gram of PVA (polyvinyl al-
cohol), PEG (polyethylene glycol), PVP 
(polyvinyl pyrrolidone), 0.0025 mole AgNO3 
and 0.0025 mole Na2HPO4.12H2O were dis-
solved in 100 ml of deionized water separately. 
After mixing the hydrophylic polymer aqueous 
solution and AgNO3 aqueous solution under 
magnetic stirring at 500 rpm, Na2HPO4.12H2O 
aqueous solution was added slowly and mixed 
for 30 minutes under magnetic stirring. The 
precipitates were separated by 14,000 rpm cen-
trifugation. The samples were washed with wa-
ter and acetone, dried in a vacuum over night 
at 60 oC [10]. 
The crystal structure of the product was 
characterized using an XRD (Bruker AXS D2 
Phaser). The morphologies were investigated 
using an FE-SEM (Hitachi S-4800). The band 
gap energies were investigated using UV-Vis 
DRS (Shimadzu UV-2450), and the specific sur-
face areas were determined by the BET        
method. The binding energies of samples were 
investigated using XPS (Perkin Elmer PHI 
5600) with Ar+ sputtering treatment to elimi-
nate the compound adsorbed on the surface be-
fore analysis.  
 
2.2. Photocatalytic evaluation  
To evaluate the photocatalytic activity, after 
mixing the 100 ml of Rhodamine B solution (10 
mg/L) and 100 mg of catalyst by stirring at 
room temperature for 20 minutes (under dark 
condition), the LED blue light (λ = 445 nm) was 
irradiated, and the solution was withdrawn 
every 10 minutes, centrifuged at 14,000 rpm to 
separate the catalyst, then the concentrations 
of RhB were measured using a spectrophoto-
meter  [10,11].  
 
3. Results and Discussion 
The XRD patterns of Ag3PO4 synthesized 
with different hydrophylic polymer are shown 
in Figure 1. It can be seen that the diffraction 
profiles of Ag3PO4 synthesized with PVA, PEG, 
and PVP are in good agreement with that of 
the body-centered-cubic structure of Ag3PO4 
(JCPDS no.06-0505), with the space group of p-
43n.  There are no impurities observed in XRD 
patterns. 
Figure 2 showed the DRS of Ag3PO4 synthe-
sized with different hydrophylic polymer of 
PVA, PEG, and PVP. The broad absorption 
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could be observed in the spectra of Ag3PO4 syn-
thesized using PVA and PVP, and the highest 
broad absorption above 500 nm was found in 
Ag3PO4 synthesized with PVA. The Ag3PO4 
synthesized using PEG showed the absorption 
band edge shift to the lower wavelength (blue 
shift). The band gaps of the samples were cal-
culated from the DRS    using the equation of 
direct transition semiconductor [10,12] as pre-
sented in Equation (1): 
 
           (1) 
 
where α, ν, Eg, and A are absorption coefficient, 
light frequency, band gap energy, and a con-
stant, respectively. The band gap of 2.35, 2.32, 
2.37, and 2.35 eV could be observed in Ag3PO4, 
Ag3PO4/PVA, Ag3PO4/PEG, and Ag3PO4/PVP, 
respectively (Table 1). 
Figure 3 shows the morphology of Ag3PO4 
synthesized without and with hydrophylic poly-
mer of PVA, PEG, and PVP. All samples con-
sisted of the similar spherical particles. The ad-
dition of hydrophylic polymers slightly de-
creased particle sizes, i.e the spherical Ag3PO4 
exhibited ~200-600 nm in diameter, whereas 
the spherical Ag3PO4/PVA, Ag3PO4/PEG, and 
Ag3PO4/PVP exhibited ~150-400 nm in diame-
ter. 
Figure 4 shows the photocatalytic activities 
of Ag3PO4 synthesized without and with hydro-
phylic polymer of PVA, PEG and PVP. The rate 
constants are evaluated by the following       
apparent pseudo-first-order kinetics equation 
[10,12,13] as depicted in Equation (2). 
 
                        (2) 
 
where C0 and C are the concentrations of dye 
in solution at times 0 and t, respectively, and 
kapp is the apparent pseudo-first-order rate con-
stant (min−1). The rate constant of 0.021, 
0.0312, 0.0278 and 0.0238 could be achieved by 
Ag 3PO 4 ,  Ag 3 PO 4 /PVA, Ag 3PO 4 /PEG, 
Ag3PO4/PVP, respectively. All of the hydro-
phylic polymers enhanced the photocatalytic 
activity of Ag3PO4, where the highest photo-
catalytic activity was observed for Ag3PO4 syn-
thesized using PVA. The enhanced photocata-
lytic activity of Ag3PO4 synthesized using PEG 
and PVP seemed to be caused by increasing the 
specific surface area. The specific surface area 
of 3.20 m2/g was observed in Ag3PO4, then in-
creased to 13.2 and 24.2 m2/g for Ag3PO4/PEG 
and Ag3PO4/PVP, respectively. However, the 
highest photocatalytic activity was observed in 
Ag3PO4/PVA, which did not possess the highest 
Table 1. The specific surface areas (S.S.A.), band gap energies and rate constants (Kapp)    
2/)( ngEhAh  
Sample S.S.A. (m2.g-1) Band gap energy (eV) Kapp (min-1) 
Ag3PO4 3.20 2.35 0.0210 
Ag3PO4/PVA 7.08 2.32 0.0312 
Ag3PO4/PEG 13.2 2.37 0.0278 
Ag3PO4/PVP 24.2 2.35 0.0238 
Figure 2. The DRS of Ag3PO4, Ag3PO4/PVA, 
Ag3PO4/PEG, and Ag3PO4/PVP  
Figure 1. The XRD profiles of Ag3PO4, 
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specific surface area (7.08 m2/g), indicating 
that the high photocatalytic activity of 
Ag3PO4/PVA was caused not only by an in-
crease of the specific surface area but also by 
unique properties of Ag3PO4/PVA.  
To understand the unique properties of 
Ag3PO4/PVA, the detailed investigation was 
conducted by XPS. The binding energy (BE) 
profiles of Ag3PO4 and Ag3PO4/PVA is shown in 
Figure 5. The peak of 133.77 eV can be           
attributed to binding energy of P5+ state [14].  
The O1s peak at 531 eV is related to O–Ag 
bonding, whereas the shoulder peak at higher 
binding energy is related to OH group [15-16] 
that might be attributed to the adsorption and 
dissociation of H2O on Ag3PO4 surface [17]. The 
shifts of binding energy could be observed in 
P2p and O1s. The shifts of binding energy indi-
cate that there are different environments of 
state, which are induced by PVA. The BE of 
Ag4d was shifted a little toward a higher      
energy, whereas the BE of P2p and O1s was 
noticeably shifted to a lower energy, i.e., the 
BE of P2p were shifted 0.12 eV from 133.77 eV 
to 133.65 eV and that of O1s was shifted 0.19 
eV from 531.0 eV to 530.81 eV. The small 
amount of the carbon was observed, i.e. 1.19 
mass % of carbon atom was identified,            
indicating that the PVA chemically adsorbed 
on the surface of Ag3PO4. Based on the XPS 
measurement, with adding PVA, the O/Ag and 
P/Ag atomic ratio decreased significantly 
(Table 2), indicating that the deficiency of PO43- 
ion at the surface was formed. The deficiency 
generates the vacancy site at the surface of 
Ag3PO4, which may be replaced by C–O of 
PVA. However, the value of C/Ag atomic ratio 
(C/Ag = 0.029) of Ag3PO4/PVA is low compared  
with the decrease in O/Ag and P/Ag  atomic   
Figure 3. The morphology of Ag3PO4 (a), 
Ag3PO4/PVA (b), Ag3PO4/PEG (c), and 
Ag3PO4/PVP (d)     
Figure 4. Photocatalytic activity of Ag3PO4 
synthesized using variation of hydrophylic 
polymer of PVA, PEG and PVP (a), the UV-Vis 
absorption spectra of the RhB aqueous solu-
tions vs photocatalytic reaction time (minutes) 
in the presence of the highest photocatalytic 
activity of Ag3PO4/PVA (b)  
ratios after PVA treatment as shown in Table 
2, indicating that the vacancy of PO43- is 
mainly formed at the surface of Ag3PO4.   
The mechanism of the Ag3PO4/PVA photo-
catalyst could be similar with previous reports 
[10,13]. Under visible light irradiation, the 
electrons in VB of Ag3PO4 could be excited to 
its CB, leaving hole (+) in VB and electron in 
CB which is very important for degradation of 
pollutant. In the same time, the blue light irra-
diation might generate the excitation of PVA 
on the surface of Ag3PO4 to form the exited 
PVA (PVA*). The excited electrons in PVA are 
injected to the conduction band of Ag3PO4. The 
injected electrons migrate to the edge of 
Ag3PO4 and then react with the oxygen (O2) ad-
sorbed on the surface of Ag3PO4 to produce the 
superoxide radicals (•O2−), and then form hy-
droxyl radicals (•OH).  The superoxide radicals 
ion •O2− and hydroxyl radical •OH have the 
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important roles for the oxidation of organic 
compound, such as Rhodamine B. The electrons 
migrate from the PVA to Ag3PO4 surfaces pro-
moted the reaction of photocatalytic activity.  
 
4. Conclusions 
The Ag3PO4 could be successfully synthe-
sized under hydrophylic polymer of PVA 
(polyvinyl alcohol), PEG (polyethylene glycol), 
and PVP (polyvinyl pyrrolidone). The PVA, 
PEG and PVP increased the specific surface    
area and enhanced the photocatalytic activity 
of Ag3PO4 under the visible light irradiation. 
The highest photocatalytic activity could be ob-
served in Ag3PO4 synthesized with PVA. The 
highest photocatalytic activity is mainly due to 
enhanced electron excitation induced by PVA 
chemically adsorbed on the surface.     
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